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Key indicators: single-crystal X-ray study; T = 293 K; mean o-(C— C) = 0.015 A; 
disorder in main residue; R factor = 0.032; wR factor = 0.075; data-to-parameter 
ratio = 11.6. 



The title complex, [Ir(C5H8N02)H(C3H9P)3]PF6, has two 
independent anion-cation pairs in the asymmetric unit. The 
geometry about each Ir"' atom is pseudo-octahedral with a 
meridional arrangement of the P(CH3)3 ligands, N,0-hiden- 
tate coordination of prolinate and a hydride ligand trans to the 
prolinate N atom. The independent Ir'" moieties are joined by 
N— H- ■ O hydrogen bonds and the N— H- ■ O bonding motif 
continues throughout the structure, creating an extended 
chain parallel to the c-axis direction. The methyl groups of one 
P(CH3)3 ligand are rotationally disordered over two sets of 
sites in a 0.62 (2):0.38 (2) ratio. 



MeaP 



Experimental 

Crystal data 

[Ir(C5H8N02)H(C3H,P)3]PF6 

M, = 680.52 

Monoclinic, F2j 

a = 10.824 (2) A 

b = 20.021 (4) A 

c = 11.826 (2) A 

P = 91.15 (1)° 



Data collection 

Siemens P4 diffractometer 
Absorption correction: if/ scan 
(North et al., 1968) 
T^„ = 0.618, r„„,, = 1.000 
6363 measured reflections 
6055 independent reflections 




Refinement 

R[F^ > 2o-(f 2)] = 
wR{F^) = 0.075 
S = 1.06 
6055 reflections 
522 parameters 
4 restraints 



0.032 



V = 2562.3 (8) A^ 
Z = 4 

Mo Ka radiation 
jU = 5.51 mm^' 
r = 293 K 
0.5 X 0.4 X 0.4 mm 



5587 reflections with / > 2cr(/) 
RiM = 0.020 

3 standard reflections every 300 
reflections 

intensity decay: none 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„ax = 1.02 e A"' 

Ap„i„ = -0.93 e A-' 

Absolute structure: Flack (1983) 

Absolute structure parameter: 
0.001 (8) 



Related literature 

For the valine structure analogous to the proUne structure 
described herein, see: Roy et al. (2006). For a Cp*Ir complex 
with proline and a f-butylethynl ligand, see: Carmona et al. 
(2000). For a Cp*Ir complex with proline and a chloride 
ligand, see: Carmona et al. (2012). For the preparation of 
[Ir(COD)(PMe3)3]Cl, see: Frazier & Merola (1992). For a 
selection of amino acid complexes in general, their structures 
and their extended lattice features, see: Urban et al. (1996); 
Shimazaki et al. (2009). For a description of the Cambridge 
Structural Database, see: Allen (2002). 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


N1-H1-04' 


0.91 


2.04 


2.909 (9) 


160 


Symmetry code: (i) x -i 


h l,y, z. 









Data collection: XSCANS (Siemens, 1996); cell refinement: 
XSCANS; data reduction: XSCANS; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: OLEX2 
(Dolomanov et al, 2009); software used to prepare material for 
publication: OLEX2. 
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Supporting information for this paper is available from the lUCr 
electronic archives (Reference: PK2511). 
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Hydrido(prolinato-A:^/V,0)tns(trimethylphosphane-/<:/')indium(lll) 
hexafluoridophosphate 

Joseph S. Merola and Christopher P. Roy 

1. Introduction 

2. Experimental 

[Ir(COD)(PMe3)3]Cl was synthesized as reported previously (Frazier & Merola, 1992). L-proline was purchased from 
Aldrich Chemical and used as received. Water was deionized/distilled. 

2.1 . Synthesis and crystallization 

A 100 mL flask equipped with a stir bar and septum was charged with 117.5 mg (1.02 mmol) of L-proline. The flask was 
then charged with 250 mg (0.443 mmol) of [Ir(COD)(PMe3)3]Cl imder N2 in a drybox. The flask was then cotmected to a 
double manifold (vacuum/nitrogen) Schlenk line and 20 mL of distilled water was added to the flask via syringe. The 
solution was stirred magnetically and heated to reflux. After 1 8 hours at reflux the reaction mixture was allowed to cool 
and solvent was removed in vacuo. The white solid residue was treated with distilled methylene chloride (3x10 mL) to 
extract the product from the excess amino acid. The solution was filtered from the solid using cannula techniques. The 
methylene chloride was removed in vacuo and the solids were dried under reduced pressure to yield 150 mg (0.263 
mmol, 60.7% yield based on the amount of lr(COD)(PMe3)3]Cl) of [Ir(L-pro)(H)(PMe3)3]Cl C,H analysis: Calculated for 
Ci4H36N02P3lrCl:C, 29.4% H,6.3% Found: C, 29.17%; H, 6.2% An aqueous solution of the chloride salt was treated with 
an aqueous solution of K[PF6] to precipitate [Ir(L-pro)(H)(PMe3)3][PF6]. Crystals suitable for X-ray diffraction were 
grown from dichloromethane/diethylether. 

2.2. Refinement 

Hydrogen atoms were treated with a combmation of restrained refinement {i.e. for the Ir — hydrogens) and consfrained 
riding models. Values of Uiso(H) were set to either 1.2Ueq or 1.5Ueq of the parent atom. Crystal data, data collection and 
structure refinement details are summarized in Table 1. 

3. Results and discussion 

The chemistry of amino acid complexes of transition metals has a long history (Shimazaki et al, 2009). A search of the 
CSD data base (Allen, 2002) reveals over 1400 hits for compounds with bidentate N,0 coordination of amino acids to 
transition metals. Restricting the search to the specific amino acid proline, yields over 140 hits. Finally, restricting the 
search to iridium compounds, there are 6 CSD structures with proline coordinated to iridium. We reported on the crystal 
structure of [hydrido-valinato-tris(trimethylphosphine)iridium][hexafluorophosphate] (CSD:20060907) (Roy etal., 2006) 
in the space group P43, which has very strong intermolecular N — H— O hydrogen bonding that results in a 43 helical 
arrangement of the iridium complexes. In this report, the title proline complex has a "flatter" intermolecular motif with 
the N — ^H— O hydrogen bonding resulting in a one-dimenional chain motif with the chain parallel to the c-axis. Hydrogen 
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bonding parameters are listed Table 1. A similar motif has been reported for (?;^-Pentamethyl-cyclopentadienyl)-(t-butyl- 
ethynyl)-(L-prolinato-N,0)-;ridium (CSD:20010919) (Carmona et al, 2000), but when the t-butylethynyl group is 
replaced by chloride (CSD: 19911024) (Carmona et al, 2012), the motif changes to alternating N— H-0 and N — H-Cl 
bonding to generate the full lattice. 




Figure 1 

The asymmetric unit of the title compound, showing both sets of independent cations and anions. Hydrogen atoms are 
omitted for clarity. The displacement ellipsoids are shown at the 50% probability level and only the major component of 
the disordered methyl groups on P 1 is shown. 

a PI 




Figure 2 

Hydrogen bonding motif for the title compound. Hydrogen atoms (with the exception of the metal hydrides and N — H 
atoms) and phosphorus methyl groups are omitted for clarity.) The displacement ellipsoids are shown at the 50% 
probability level. 

Hydrido(prolinato-it^iV,0)tris(trimethylphosphane-/cA')iridium hexafluoridophosphate 



Crystal data 

[Ir(C5H8N02)H(C3H9P)3]PF6 

M- = 680.52 

Monoclinic, P2\ 

a = 10.824 (2) A 

Z> = 20.021 (4) A 

c= 11.826 (2) A 

^ = 91.15 (1)° 



K= 2562.3 (8) A3 
Z = 4 

7^(000)= 1336 

Z),= 1.764 Mgm-3 

Mo Ka radiation, i = 0.71073 A 

Cell parameters from 25 reflections 

6 = 2-22° 
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= 5.51 mm ' 

r=293 K 

Data collection 

Siemens P4 

difiractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co-scans 

Absorption correction: if/ scan 
(North era/., 1968) 

r„.„ = 0.618, r„^ = 1.000 

6363 measured reflections 

Refinement 

Refinement on 

Least-squares matrix: full 

R[I^ > 2a(F^)] = 0.032 

wRiF^) = 0.075 

S= 1.06 

6055 reflections 

522 parameters 

4 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



Prism, clear colourless 
0.5 X 0.4 X 0.4 mm 



6055 independent reflections 
5587 reflections with /> 2cr(I) 
Rm = 0.020 

- 27.5°, 0mm — 1.9° 

/j = 0^14 

k=0^26 
/ = -15^15 

3 standard reflections every 300 reflections 
intensity decay: 0(1) 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/[(t2(F„2) + (0M45Py + 1.0877/*] 

where P = (F,^ + 2F,y3 
(A/ff)„^ = 0.001 
Apmax= 1.02 e A"' 
Ap„,,„ = -0.93eA-3 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc=kFc[l+0.001xFc2AVsin(26')]-'"' 
Extincfion coefficient: 0.00105 (12) 
Absolute structure: Flack (1983) 
Absolute structure parameter: 0.001 (8) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill 

covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression oiF^ > a{F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y z U,,*IU,^ Occ. (<1) 



Ir2 


-0.08795 (2) 


-0.490281 (13) 


-0.05567 (2) 


0.03453 (8) 


H 


0.014 (7) 


-0.486 (5) 


0.021 (6) 


0.041* 


P4 


-0.0431 (2) 


-0.38225 (14) 


-0.1162(2) 


0.0514(5) 


P5 


0.0256 (2) 


-0.54315 (14) 


-0.18575 (19) 


0.0491 (6) 


P6 


-0.0981 (2) 


-0.58276(13) 


0.0664 (2) 


0.0500 (6) 


03 


-0.2047 (6) 


-0.4449 (3) 


0.0633 (5) 


0.0438 (13) 


04 


-0.3980 (6) 


-0.4334 (4) 


0.1118 (5) 


0.0622 (18) 


N2 


-0.2684 (5) 


-0.4939 (4) 


-0.1474(4) 


0.0336(12) 


H2A 


-0.2590 


-0.4713 


-0.2134 


0.040* 


C6 


-0.3219 (8) 


-0.4439 (4) 


0.0432 (7) 


0.0428 (18) 
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— U.3o/ / (o) 


—0.4500 (D) 


A ATA 1 
— U.U/91 (/) 


A A/I O /''^\ 

0.048 (z) 


H7 


-0.3721 


-0.4115 


-0.1145 


A AC7 A 

0.057* 


C8 


-0.4842 (9) 


A AC\'\ A / A\ 

-0.4914 (9) 


A AA /n /I A\ 

-0.0947 (10) 


A AO / A\ 

0.082 (4) 


HoA 


— U.5U4y 


— O.M JO 


— U.U266 


A AAAH: 


TTOTi 


— U.55U1 


A A /lf\f\ 

—0.4600 


All 

—0.1123 


A AAA* 

0.099* 


C9 


-0.4661 (9) 


-0.5386 (6) 


A 1 A 1 A /A\ 

-0.1910 (9) 


0.065 (3) 


XJO A 

HyA 


— 0.4ol i 


—0.316/ 


—0.2632 


A ATO* 


H9B 


-0.5198 


-0.5772 


-0.1854 


A A"? O A 

0.078* 




— O.iill (lU) 


—0.5583 (5) 


A 1 n ti'^ /A\ 

-0.1762 (9) 


0.055 (2) 


HlOA 


A T ^ A'^ 

-0.3202 


-0.5905 


-0.1156 


0.066* 


HlUB 


—0.2993 


— O.D / /O 


—0.2454 


0.066* 


C41 


-0.1356 (14) 


A O /I C Z' 

-0.3456 (7) 


-0.2278 (11) 


A AA'l 

0.092 (5) 


T T/l 1 A 

H4iA 


A 1 OzT 

-0.1286 


A T7 1 A 

—0.3719 


A '^AC^ 

-0.2952 


A 1 T Tsfe 

0.137* 


H41B 


A 1 AT 1 

-0.1071 


A O A 1 A 

-0.3010 


A /I 1 

—0.2421 


A 1 T7ite 

0.137* 


XJ/I 1 ^ 

H41C 


A T^A/1 




A OACT 
— 0.2U5 / 


A 1 'J "7* 

0.13 


C42 


-0.0602 (14) 


-0.3248 (6) 


A AAA^ /I A\ 

0.0002 (10) 


A A O 1 / /I \ 

0.081 (4) 


T T/l 'I A 


A 1 ATI 

—0.1433 


—0.3268 


A A'l ZTO 

0.0268 


A 1 1 1 sfc 

0.121* 


H42B 


-0.0425 


A O A*^ 

—0.2802 


A A'^ A T 

-0.0247 


0.121* 


H42C 


A A A1 1 


—I). 3368 


A A/CAC 


A 1 1 1 * 

0.121^ 


C43 


All/11 /IIX 

0.1141 (11) 


-0.3655 (7) 


A 1 /'AO /I /I \ 

-0.1608 (14) 


A AA/' /CX 

0.096 (5) 


TT/I '5 A 

H43A 


A 1 T 1 A 

0.1710 


A T7 /I O 

—0.3748 


A AAAC 

—0.0995 


0.144* 


H43B 


0.1212 


-0.3194 


-0.1823 


f\ i A A 

0.144* 


H43C 


A 1 1 1 A 


—0.3934 


A T1 /I 1 

— O.Zz41 


A 1 /I /I * 

0. 144^ 




A A 1 AA / 1 1 \ 

0.0109 (11) 


A C 1 1 /I /0\ 

-0.5114 (8) 


-0.3276 (8) 


A AO 1 / A \ 

0.081 (4) 


TTC 1 A 


A AT? C 

—0.0735 


A CIO 

—0.5153 


—0.3534 


A 1 1 * 

0.121* 


H51B 


0.0631 


-0.5366 


-0.3764 


0.121* 




A A'5 C 1 


— 0.4oj3 


—0.3286 


A 1 1 1 * 

0.121^ 


C52 


—0.0078 (14) 


—0.6317 (6) 


A AZ;'? / 1 A\ 

-0.2063 (10) 


A AO 1 / /I \ 

0.081 (4) 


TTC^ A 

H52A 


A AAO 

0.0053 


—0.6550 


A 1 T ^ 1 

-0.1361 


A 1 11 * 

0.122* 


H52B 


0.0460 


-0.6496 


-0.2623 


0.122* 




A Am o 
—0.0922 


— O.o3 /O 


A 1 1 

— 0.z311 


O.lzz* 


C53 


A 1 AO^ /A\ 

0.1922 (9) 


—0.5445 (8) 


—0.1651 (11) 


A AO 1 / /I \ 

0.081 (4) 


TTCi A 

H53A 


0.2231 


—0.4996 


A 1 /I 

—0.1634 


A 1 H* 

0.122* 


H53B 


0.2291 


-0.5684 


-0.2262 


0.122* 




0.2126 


— 0.JOO3 


A AAyl A 

—0.0949 


O.lzz* 


Col 


-0.1468 (18) 


A CCCO /A\ 

-0.5558 (9) 


A 1 A'> A f 1 A\ 

0.2034 (10) 


A 1 '? A /0\ 

0.130 (8) 


H61A 


A AOAT 

—0.0897 


-0.5232 


A T> T A 

0.2329 


A 1 AzT A 

0.196* 


H61B 


-0.1491 


-0.5935 


0.2535 


0.196* 


HoiC 


— O.ZZ / / 


A CI yl 

— 0.j3o4 


A 1 A/^O 

0.19OO 


0.196* 


C62 


A 1 AT? /I A\ 

-0.1973 (14) 


-0.6552 (8) 


0.0456 (15) 


0.112 (6) 


HozA 


—0.2823 


—0.6415 


0.0466 


0.168* 


H62B 


-0.1818 


-0.6869 


0.1051 


0.168* 


HozC 


—0.1803 


A an 
—0.6/55 


—0.0260 


A 1 

0.168* 


Coj 


AACAl /IIA 
U.UjUl (11) 


— 0.62U9 (6) 


A AAC3 tew 

U.U953 (9) 


0.066 (3) 


H63A 


0.0845 


-0.6363 


0.0258 


0.099* 


H63B 


0.0400 


-0.6579 


0.1457 


0.099* 


H63C 


0.1047 


-0.5886 


0.1297 


0.099* 


Irl 


0.42609 (3) 


-0.385828 (17) 


0.42830 (3) 


0.04158 (10) 


HA 


0.291 (8) 


-0.387 (5) 


0.497 (7) 


0.050* 
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T>1 

rl 


vAjjj (j) 


A 0O'7OQ /"I n\ 

— U.zy ly<S (i /) 


O.J J /O \D) 


0.0o43 (6j 




P2 


0.3190 (2) 


-0.32928 (16) 


0.2955 (2) 


0.0585 (7) 




■D'2 


U.3o/z (3) 


—\) Ay 111 (i /) 


0.3689 (2) 


O.OOJO (/J 




Ul 
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—0.43 /O (4) 


A CC 1 0 tZ\ 

0.5512 (5) 


o.ODyz (iQ) 




02 
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O.O60 (2) 




JNl 




—0.3 ODD (4) 


A 'J A A /C\ 

0.3446 (5) 


0.04zl (14) 




TT1 

HI 


A C A y1 >l 

0.5944 


A A AAT 

-0.4097 


0.2791 


A AC 1 d: 

0.051* 




CI 


0.6479 (10) 


A /I /I /I C /C\ 

—0.4445 (5) 


A C 0 1 0 /0\ 

0.5318 (8) 


0.057 (2) 




C2 


U.oyo3 (0) 


— U.425I (5) 


A /I 1 C 0 /'0\ 

U.4158 (0) 


A A/1 Q /OA 
U.U4S (2) 




TT^ 

H2 


0.7082 


-0.4705 


0.3761 


0.057* 




C3 


A 1 A /I A\ 

0.8210 (10) 


-0.3902 (8) 


0.4148 (8) 


A ATT /">\ 

0.072 (3) 






A 01 1 

U.q33d 


— 0.3o4o 


A /ton 


A AOT* 

O.Oo/^ 






A 00 A/:r 

0.8896 


A A 0 AA 

—0.4209 


A A A^T 

0.4062 


A AOT* 

0.087* 




C4 


0.8077 (9) 


-0.3443 (7) 


A O 1 TT /A\ 

0.3123 (9) 


A riT /' /ON 

0.076 (3) 






U.ooOz 


A 0 AC? 

—0.3053 


A '5 0 A'5 

0.32U3 


A AAT * 

0.09z^ 




H4B 


0.8279 


-0.3676 


0.2431 


A Ar\T A 

0.092* 




C5 


A 1 /A\ 

0.6716 (9) 


-0.3252 (6) 


A 'J 1 '5 T /A\ 

0.3132 (9) 


0.061 (3) 




H5A 


A /' CI A 

0.6574 


A AA 1 

-0.2901 


A /TO A 

0.3680 


A ATI d: 

0.073* 




1 1 C T "> 


A /f /I A 


A 1AAO 

-0.3090 


A TIAT 

0.z39z 


A ATI * 

0.0/3^ 




Cll 


0.331 (3) 


—0.243 (2) 


A COC /IX 

0.585 (3) 


0.23 (3) 


0.62 (2) 


TT1 1 A 

HllA 


0.2543 


—0.2672 


A COO 1 

0.5831 


A 0 0 A* 

0.339* 


A £0 /0\ 

0.62 (2) 


HUB 


A T^O /I 

0.3284 


A AO A 

-0.2084 


A A 1 

0.5291 


A T T A* 

0.339* 
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A ATO /OA 

U.U/z (z) 


A A/^TO /I OA 

U.Uo/o (io) 


A A 1 A 1 /I /;a 

U.UlUi (lo) 


A AAT A / 1 ^\ 

U.UU/U (Id) 


A AATO / 1 CA 
—U.UU /y (ID) 


r 1 


A 1 Tl /I 

U.l /i (IzJ 


A OO /"OA 

U.zo (z) 


A 1 /I OA 

u.lo/ (Iz) 


A AO/C /I /lA 

U.Uzo (14) 


A AAA /I 1 A 

u.uyy (11) 


A A/1 1 /I OA 

— U.U41 (13) 


F2 


0.253 (18) 


0.223 (18) 


0.174(13) 


0.044 (14) 


-0.115 (13) 


-0.024 (12) 


F3 


0.300 (18) 


0.090 (7) 


0.144(10) 


-0.004 (9) 


-0.012(11) 


-0.020 (7) 


F4 


0.150(10) 


0.220(15) 


0.180(12) 


0.042 (10) 


-0.080 (9) 


-0.062(11) 


F5 


0.30 (2) 


0.072 (7) 


0.32 (2) 


-0.035 (11) 


0.055 (17) 


-0.006(11) 


F6 


0.152(11) 


0.34 (2) 


0.148(11) 


0.029 (13) 


0.051 (9) 


-0.060 (13) 
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Geometric parameters (A, °) 



Ir2— H 


1.42 (8) 


P2— C21 


1.827(15) 


Ir2— P4 


2.332 (3) 


P2— C22 


1.807 (12) 


Ir2— P5 


2.252 (2) 


P2— C23 


1.833 (12) 


Ir2— P6 


2.352 (2) 


P3— C31 


1.774(17) 


Ir2— 03 


2.114(6) 


P3— C32 


1.792 (16) 


Ir2— N2 


2.216(6) 


P3— C33 


1.766 (15) 


P4_C41 


1.798 (12) 


01— CI 


1.256 (13) 


P4— C42 


1.807(12) 


02— CI 


1.238 (11) 


P4— C43 


1.823 (11) 


Nl— HI 


0.9100 


P5— C51 


1.798 (11) 


Nl— C2 


1.520 (11) 


P5— C52 


1.824(13) 


Nl— C5 


1.467(13) 


P5— C53 


1.816(10) 


CI— C2 


1.515 (13) 


P6— C61 


1.796(12) 


C2— H2 


0.9800 


P6— C62 


1.819(15) 


C2— C3 


1.548 (14) 


P6— C63 


1.802(11) 


C3— H3A 


0.9700 


03— C6 


1.287 (10) 


C3— H3B 


0.9700 


04— C6 


1.186(10) 


C3— C4 


1.525 (17) 


N2— H2A 


0.9100 


C4— H4A 


0.9700 


N2— C7 


1.521 (10) 


C4— H4B 


0.9700 


N2— CIO 


1.493 (12) 


C4— C5 


1.522(14) 


C6— C7 


1.522 (12) 


C5— H5A 


0.9700 


C7— H7 


0.9800 


C5— H5B 


0.9700 


C7— C8 


1.507(14) 


Cll— HllA 


0.9600 


C8— H8A 


0.9700 


Cll— HUB 


0.9600 


C8— H8B 


0.9700 


Cll— HllC 


0.9600 


C8— C9 


1.496(17) 


C12— H12A 


0.9600 


C9— H9A 


0.9700 


C12— H12B 


0.9600 


C9— H9B 


0.9700 


C12— H12C 


0.9600 


C9— CIO 


1.520(15) 


C13— H13A 


0.9600 


CIO— HlOA 


0.9700 


C13— H13B 


0.9600 


CIO— HlOB 


0.9700 


C13— H13C 


0.9600 


C41— H41A 


0.9600 


Cll'— HllD 


0.9600 


C41— H41B 


0.9600 


Cll'— HUE 


0.9600 


C41— H41C 


0.9600 


Cll'— HllF 


0.9600 


C42— H42A 


0.9600 


C12'— H12D 


0.9600 


C42— H42B 


0.9600 


C12'— H12E 


0.9600 


C42— H42C 


0.9600 


C12'— H12F 


0.9600 


C43— H43A 


0.9600 


C13'— HDD 


0.9600 


C43— H43B 


0.9600 


C13'— H13E 


0.9600 


C43— H43C 


0.9600 


C13'— H13F 


0.9600 


C51— H51A 


0.9600 


C21— H21A 


0.9600 


C51— H51B 


0.9600 


C21— H21B 


0.9600 


C51— H51C 


0.9600 


C21— H21C 


0.9600 


C52— H52A 


0.9600 


C22— H22A 


0.9600 


C52— H52B 


0.9600 


C22— H22B 


0.9600 


C52— H52C 


0.9600 


C22— H22C 


0.9600 


C53— H53A 


0.9600 


C23— H23A 


0.9600 


C53— H53B 


0.9600 


C23— H23B 


0.9600 
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C53— H53C 
C61— H61A 
C61— H61B 
C61— H61C 
C62— H62A 
C62— H62B 
C62— H62C 
C63— H63A 
C63— H63B 
C63— H63C 
Irl— HA 
Irl— PI 
Irl— P2 
Irl— P3 
Irl— 01 
Irl— Nl 
PI— CU 
PI— C12 
PI— C13 
PI— Cll' 
PI— C12' 
PI— C13' 



0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
1.69 (8) 
2.346 (3) 
2.241 (3) 
2.328 (3) 
2.123 (7) 
2.206 (6) 
1.76 (2) 
1.93 (3) 
1.68(2) 
1.72 (5) 
2.01 (4) 
1.57 (4) 



C23— H23C 
C31— H31A 
C31— H31B 
C31— H31C 
C32— H32A 
C32— H32B 
C32— H32C 
C33— H33A 
C33— H33B 
C33— H33C 
P2F— F7 
P2F— F8 
P2F— F9 
P2F— FIO 
P2F— Fll 
P2F— F12 
PIF— Fl 
PIF— F2 
PIF— F3 
PIF— F4 
PIF— F5 
PIF— F6 



0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

1.559 (8) 

1.577 (8) 

1.545 (9) 

1.583 (8) 

1.539 (10) 

1.588 (9) 

1.480(11) 

1.512(13) 

1.550 (13) 

1.540(11) 

1.466 (12) 

1.517(12) 



P4— Ir2— H 
P4— Ir2— P6 
P5— Ir2— H 
P5— Ir2— P4 
P5— Ir2— P6 
P6— Ir2— H 
03— Ir2— H 
03— Ir2— P4 
03— Ir2— P5 
03— Ir2— P6 
03— Ir2— N2 
N2— Ir2— H 
N2— Ir2— P4 
N2— Ir2— P5 
N2— Ir2— P6 
C41— P4— Ir2 
C41— P4— C42 
C41— P4— C43 
C42— P4— Ir2 
C42— P4— C43 
C43— P4— Ir2 
C51— P5— Ir2 
C51— P5— C52 
C51— P5— C53 
C52— P5— Ir2 
C53— P5— Ir2 



89(4) 
158.58 (9) 
92 (3) 
96.12 (10) 
94.71 (9) 
72(4) 
91(3) 
86.36 (18) 
176.11 (18) 
83.91 (17) 
78.9 (2) 
169 (3) 
93.83 (19) 
97.94 (17) 
102.91 (18) 
119.2(4) 
103.6 (7) 

102.8 (7) 
109.4 (4) 
102.4 (7) 

117.4 (5) 
115.6(4) 

101.9 (6) 

101.5 (6) 
116.0(4) 
118.0 (5) 



C13'— PI— C12 
C13'— PI— C13 
C13'— PI— Cll' 
C13'— PI— C12' 
C21— P2— Irl 
C21— P2— C23 
C22— P2— Irl 
C22— P2— C21 
C22— P2— C23 
C23— P2— Irl 
C31— P3— Irl 
C31— P3— C32 
C32— P3— Irl 
C33— P3— Irl 
C33— P3— C31 
C33— P3— C32 
CI— 01— Irl 
Irl— Nl— HI 
C2— Nl— Irl 
C2— Nl— HI 
C5— Nl— Irl 
C5— Nl— HI 
C5— Nl— C2 

01— CI— C2 

02— CI— 01 
02— CI— C2 



51(3) 

119.4(17) 

111(2) 

100 (3) 

115.8(6) 

101.3(9) 

117.3 (5) 

103.7 (9) 
102.6 (7) 

114.1 (5) 

118.8 (7) 

102.5 (12) 

121.6 (7) 
109.6 (5) 
100.3 (9) 
100.8(10) 

117.2 (6) 
105.8 
108.5 (5) 
105.8 
122.8 (6) 
105.8 

107.0 (7) 
119.8(8) 

123.1 (9) 
117.1 (10) 
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C53 — P5 — C52 


1 A 1 T /n\ 

101.3 (7) 


Col — ro — \xl 


1 AA ^ / C\ 

109.6 (5) 


Col — Po — Co2 


100.3 (9) 


Col — P6 — C63 


1 A'^ /I /TX 

103.4 (7) 


Cdz — ro — Irz 


IOC /I /c\ 

125.4 (5) 


C63 — Po — Ir2 


113.4 (4) 


Co3 — Po — Co2 


1 A'^ 1 //r\ 

102.1 (6) 


C6 — 03 — Ir2 


119.0 (5) 


T^l XTO m A 

Irz — JN z — Hz A 


1 A/C Cl 

lOo.y 


XTO T™'^ 

C7 — Nz — Irz 


1 AO C i A\ 

108.5 (4) 


/~"7 XT*^ Ty^ A 

C7 — Nz — ^HzA 


106.9 


CIO — Nz — Irz 


122.1 (6) 


ClU — JNz — ^HzA 


lOo.y 


CIO — ^N2 — C7 


104.5 (7) 


03 — Co — C7 


116.0 (7) 


r\A 

04 — Co — 03 


1 O C A /A\ 

125.0 (9) 


r\A r^c r^n 
U4 Co — C / 


1 1 A A 

lly.O (oj 


N2 — C7 — Co 


113.4 (6) 


■\T'> TTT 

N2 — C7 — H7 


107.1 


f~^n TTT 

Co — C7 — H7 


1 AT 1 

107.1 


r^o r^n xto 

Co — C7 — N2 


106.7 (8) 


C8 — C7 — Co 


1 1 C 1 /o\ 

115.1 (8) 


/~^0 /""T TTT 

C8 — C7 — H7 


107.1 


r^n r^o tto a 

C7 — Co — HoA 


110.7 


r^n r^o ttot> 

C7 — Co — HoB 


110.7 


TTO A i~^0 TTOn 

HsA — C8 — H8B 


108.8 


t~'C\ /~^0 

C9 — C8 — C7 


1 AC /I /0\ 

105.4 (8) 


t~^C\ t~^0 TTO A 

C9 — C8 — H8A 


1 1 A T 

110.7 


C9 — C8 — H8B 


1 1 A T 

110.7 


f~^r\ TTA A 

C8 — C9 — H9A 


111.3 


C8 — C9 — H9B 


111 "? 

111.3 


/~io e~^c\ /~iiA 

C8 — C9 — CIO 


1 A*^ C /0\ 

102.5 (8) 


HyA — cy — xv^Q 


1 AA 

109.2 


CIO — C9 — H9A 


111.3 


f~<i-\ f\ f~^C\ TTAT~* 

CIO — C9 — H9B 


111.3 


N2 — CIO — C9 


1 A'^ C /0\ 

103.5 (8) 


TvTI /" 1 /"\ TT1AA 

N z — C 1 U — H 1 OA 


111 1 
111.1 


N2 — C 1 0 — H 1 OB 


111.1 


C ' r\ /-I \ r\ T T 1 A A 

C9 — CIO — Hi OA 


111.1 


/~<A 1 A TT1 AT^ 

C9 — CIO — HlOB 


111 1 

111.1 


T T 1 A A 1 A T T 1 ATI 

HlOA — CIO — HlOB 


109.0 


T* A A \ T T ,1 1 A 

P4 — C41 — ^H41A 


109.5 


T\A A t TT/(1T^ 

P4 — C41 — ^H41B 


1 AA C 

109.5 


P4— C41— H41C 


109.5 


H41A— C41— H41B 


109.5 


H41A— C41— H41C 


109.5 


H41B— C41— H41C 


109.5 


P4— C42— H42A 


109.5 


P4— C42— H42B 


109.5 



Nl — C2 — H2 


107.3 


Nl — C2 — C3 


106.0 (8) 


Cl — C2 — ^Nl 


1 1 1 /TX 

113.0 (7) 


/~l 1 /~^'^ T T'^ 

Cl — C2 — ^H2 


1 AT ■O 

107.3 


Cl — C2 — C3 


1 1 c c /o\ 

115.5 (8) 


C3 — C2 — ^H2 


107.3 


/"''^ TT'^ A 

C2 — C3 — H3A 


111.1 


C2 — C3 — H3B 


111.1 


TTO A TTOT"* 

H3A — C3 — H3B 


109.0 


C4 — C3 — C2 


103.4 (8) 


A TT'O A 

C4 — C3 — H3A 


111 1 

111.1 


C4 — C3 — H3B 


111.1 


C3 — C4 — H4A 


111.2 


C3 — C4 — H4B 


111 

111.2 


H4A — C4 — H4B 


109.1 


C5 — C4 — C3 


102.8 (8) 


C5 — C4 — H4A 


111.2 


/~1C yl TT/(T~» 

C5 — C4 — H4B 


111.2 


Nl — C5 — C4 


105.1 (9) 


Nl — C5 — ^H5A 


110.7 


XT1 t^C TTCT^ 

Nl — C5 — ^H5B 


1 1 A T 

110.7 


/~1 A C TTC A 

C4 — C5 — ^H5A 


110.7 


C4 — C5 — H5B 


110.7 


TT^ A C TT^T^ 

H5A — C5 — H5B 


108.8 


T» 1 1 TT1 1 A 

PI — Cll — ^HllA 


1 AA C 

109.5 


PI — Cll — HUB 


109.5 


PI — Cll — HllC 


109.5 


I r 1 1 A f "■ 11 1 f 1 1 Ti 

HllA — Cll — HUB 


109.5 


TT11A 1 TTII/"^ 

HllA — Cll — ^HllC 


1 AA C 

109.5 


HUB — Cll — HllC 


109.5 


PI — C12 — ^H12A 


109.5 


T»1 TT1 '^Tl 

PI — C12 — ^H12B 


1 AA C 

109.5 


Til /~1 1 TT1 

PI — C12 — ^H12C 


1 AA C 

109.5 


T T 1 A /~1 11 T T 1 

H12A — C12 — H12B 


109.5 


T T 1 A 1 T T 1 1 

H12A — C12 — H12C 


109.5 


TT1 '^T^ /~i 1 TT1 

H12B — C12 — H12C 


109.5 


A 1 /" 1 o T T 1 O A 

PI — C13 — HI 3 A 


109.5 


PI — C13 — H13B 


109.5 


PI — C13 — H13C 


109.5 


TT1 ■O A 11 TT1 ■OT^ 

H13A — C13 — H13B 


109.5 


T T 1 1 A /"I 1 O T T 1 A "' 

HI 3 A — C13 — H13C 


109.5 


1111 r y ' 11 T T 1 1 /~i 

H13B — C13 — H13C 


109.5 


PI — Cll — HllD 


109.5 


PI— Cll'— HUE 


109.5 


PI— Cll'— HllF 


109.5 


HllD— Cll'— HUE 


109.5 


HllD— Cll'— HllF 


109.5 


HUE— cir— HllF 


109.5 


PI— C12'— H12D 


109.5 
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P4 — C42 — H42C 


109.5 


H42A — C42 — H42B 


109.5 


H42A — C42 — H42C 


109.5 


H42B — C42 — ^H42C 


1 t\c\ c 

109.5 


n A A'y TT/11 A 

P4 — C43 — H43A 


109.5 


P4 — C43 — H43B 


109.5 


P4 — C43 — H43C 


109.5 


T T /I T A 1' ' /IT T T /I O "T* 

H43A — C43 — H43B 


109.5 


T T /I O A /' ' A T T /I *) 

H43A — C43 — H43C 


109.5 


H43B — C43 — H43C 


109.5 


T\C e^CA TT^ 1 A 

P5 — C51 — ^H51A 


109.5 


P5 — C51 — H51B 


109.5 


P5 — C51 — ^H51C 


109.5 


H51A — C51 — ^H51B 


109.5 


H51A — C51 — H51C 


109.5 


H51B — C51 — H51C 


109.5 


P5 — C52 — H52A 


109.5 


P5 — C52 — H52B 


109.5 


P5 — C52 — H52C 


109.5 


H52A — C52 — H52B 


109.5 


H52A — C52 — H52C 


1 f\C\ c 

109.5 


H52B — C52 — ^H52C 


109.5 


P5 — C53 — H53A 


109.5 


P5 — C53 — H53B 


109.5 


P5 — C53 — H53C 


109.5 


H53A — C53 — H53B 


109.5 


H53A — C53 — H53C 


109.5 


H53B — C53 — H53C 


109.5 


Po — Col — H61A 


1 Art c 

109.5 


P6 — Col — Ho IB 


109.5 


P6 — Col — Hole 


109.5 


HolA — Col — HolB 


1 Art c 

109.5 


HolA — Col — Hole 


1 Art c 

109.5 


H61B — Col — H61C 


109.5 


P6 — C62 — H62A 


109.5 


Po — C62 — ^Ho2B 


109.5 


Po — C62 — H62C 


109.5 


H62A — C62 — H62B 


109.5 


H62A — C62 — H62C 


109.5 


H62B — C62 — Ho2C 


1 Art c 

109.5 


P6 — C63 — H63A 


109.5 


Po — C63 — Ho3B 


109.5 


Po — Co3 — H63C 


1 Art c 

109.5 


H63A — L63 — Ho3B 


1 Art C 

109.5 


H63A— C63— H63C 


109.5 


H63B— C63— H63C 


109.5 


PI— Irl— HA 


78 (3) 


P2— Irl— HA 


84 (3) 


P2— Irl— PI 


97.77 (12) 



PI — C12 — H12E 


109.5 


PI — C12 — ^H12F 


109.5 


H12D — C12 — ^H12E 


109.5 


TT 1 '^T^ y~1 1"**^ TTI'^T^ 

H12D — C12 — ^H12F 


109.5 


T T 1 "^T^ '\ TTIIT^ 

H12E — C12 — H12F 


109.5 


PI — C13 — H13D 


109.5 


T-v -t /—I I'*/ TTIIT^ 

PI — C13 — ^H13E 


109.5 


PI — C13 — H13F 


109.5 


HI 3D — C13 — H13E 


109.5 


T T 1 1 r A 1 -1 / T T 1 '> T^ 

H13D — C13 — H13F 


109.5 


TT1 '>T~' /~" TTIIT"" 

H13E — C13 — ^H13F 


109.5 


P2 — C2 1 — H2 1 A 


109.5 


P2 — C21 — ^H21B 


109.5 


T»1 1 TT'^ 1 

P2 — C21 — ^H21C 


109.5 


H21A — C21 — H21B 


109.5 


H21A — C21 — H21C 


109.5 


H21B — C21 — H21C 


109.5 


P2 — C22 — H22A 


109.5 


P2 — C22 — H22B 


109.5 


P2 — C22 — H22C 


109.5 


TT'^'^ A TT'^'^T^ 

H22A — C22 — H22B 


1 Art c 

109.5 


H22A — C22 — H22C 


109.5 


H22B — C22 — H22C 


109.5 


P2 — C23 — H23A 


109.5 


/""^l TT'^'^T^ 

P2 — C23 — H23B 


1 Art c 

109.5 


P2 — C23 — H23C 


109.5 


H23A — C23 — H23B 


109.5 


H23A — C23 — H23C 


109.5 


T T^ O T^ '> T T^ 1 

H23B — C23 — tiliC 


1 Art c 

109.5 


P3 — C31 — H31A 


109.5 


T»'> /~1 '> 1 T TO 1 T~» 

P3 — C31 — ^H31B 


109.5 


P3 — C31 — H31C 


109.5 


TTO 1 A f^'y 1 TT1 1 

H31A — C31 — H31B 


1 Art c 

109.5 


H31A — C31 — H31C 


109.5 


T T'> 1 A -> 1 rill /~i 

H31B — C31 — H31C 


109.5 


P3 — C32 — H32A 


109.5 


P3 — C32 — H32B 


109.5 


P3 — C32 — H32C 


109.5 


T TO A O O TT10T1 

H32A — C32 — H32B 


109.5 


TTT^ A /"^O'^ TT'>'**/~^ 

H32A — C32 — H32C 


1 Art c 

109.5 


H32B — C32 — H32C 


109.5 


O O TTOO A 

P3 — C33 — H33A 


109.5 


T*0 /"^lO TT'^'^T^ 

P3 — C33 — H33B 


1 Art c 

109.5 


P3 — C33 — H33L 


1 Art C 

109.5 


H33A— C33— H33B 


109.5 


H33A— C33— H33C 


109.5 


H33B— C33— H33C 


109.5 


F7— P2F— F8 


89.6 (5) 


F7— P2F— FIG 


89.2 (5) 



Acta Cryst. (2014). E70, m73-m74 



sup-1 1 



supplementary materials 



P2— Irl— P3 


96.65(11) 


F7- 


-P2F— F12 


178.1 (7) 


P3— Irl— HA 


84 (3) 


F8- 


-P2F— FIO 


178.6 (6) 


P3— Irl— PI 


155.90(11) 
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Hydrogen-bond geometry (A, °) 
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Symmetry code: (i) x+l,y, z. 
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